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A coribinMiion oil avucp ixnd scavenge puisp was constructed to 
clliiinr.to nine of tho oll-a^stor. difficulties in an aircraft online 
that rcuult frau tho aeration of tho scavaiw-ed eigino oil ar.d tho 
air-lock of tho ncivvango puup.    Air is prevontcd fron entering tho 
Bc:\vengo punp By a column of oil in tho sump ahovo tho puno inlot. 
Thin coluisn of oil io t-aintainod hy returning somo ir all  :f tho 
Bcavongo-^unrp dolivory t"> tho aurap.    Ar. antoaatie valve,  csntrollod 
toy tho oil lovol in tho SUKI, reeulatoc tho flow of tho cil bypassed 
to tho B'u.p. 

Laboratory oil-Bcavenge teets were conducted with a conatant- 
lovol ill eurap at 3oa level VJCA tho valu~ of sich a dovlec for pro- 
vontinr; oil p.or^tion "nd oenvcrigo-purap air-lock Ml dotornincd. 
Those tents showed that tho device does prevent tho aeration of 
oeavonr;od oil e.i\d BC".vcn,";o-*puap air-loci:.    Tcato -if tha device 
under conditions slnulatin.;: altitude flight,  no-anted on «j. nulti- 
cylii.dcr full-scale onginc on a torq.ua stand,  ?jid in fli./ht are 
warranted l>y oho rosults of tho laboratory toato.    Bot-lla of tho 
construction of tho covioo are included. 

KTTJOPUCTIOI- 

Tho lnvontlgati^n ('escribed ia thia report in part of tho ^on- 
oral study of tho iroblc-i of engine ill acivcnglng ronuentod by tho 
Amtf Air Jorcco, Katoriol Cmaand.    Tho work reported coverr aca- 
lovol lr-tooratory tents of a coantant-lcvol crankcaeo oil simp that 
ir, designed to prevent the aoration of sonvenjed oil >\r.d the air- 
lock of the scavor.^o rivum. 

In proEov.t oil syoton3 tho aeration of tho scavargod oil occurB 
bccuuBO tho ac^vonfio puir.p, which circulates oil from tho onglno oump 
to tho oil tank, nan a capacity as groat aa t"ico that of tho pres- 
sure pur.^, which circulate« oil fror.i the ta.k to tho onglr.o.    Tho 



excess capacity of the scavenge pump is satisfied mdth crankcase gas 
that flows to the oil tink with the oil where it often produces oil 
foam.  Sufficient foam can accumulate to fill the oil-tank air 
spaca, the oil-tank vent line to the wnkcase, and the crankcase. 
"Jhen this foaming condition exists, oil foam is observed to pour from 
the engine brother.  The oil lost as foam can represent an appre- 
ciable, part of the total oil supply. 

A second oil-system difficulty that la attributable to over- 
capacity of the scavenge pump is the frequent loss of prime, which 
occurs when the scavenge pucp has removed all the available oil from 
the engine oil sump.  At altitude, where the atmospheric pressure is 
low, the Ec-venpe pump Is 3I07 to prime and sufficient oil can accu- 
mulate in the crankcase to cause some oil to be lost through the 
engine breather with the blow-by —ses.  It ir. believed that many 

• instances of oil loss from the engine breather are erroneously attri- 
buted to oil foamin? when an air-locked scavenge pump is really at 
fault. 

h 
t 

A combination sump and pump that maintains the oil level in the 
sump at a specified height above the scavsnge-pump inlet nas been 
constructed and tested at the NASA Aircraft Engine Research Laboratory 
during the period from October to December 19U3.  The maintenance of 
a column of oil abeve the scavan<?o-pump inlet at all times during 
level or near level flight, na matter what the rate of flow of oil 
into the oil sump may be, prevents air from entering the scavenge 
pimp to aerate the oil or to air-lock the pump.  The oil level in 
the sump is maintained by an automatic ccaven;re-pump-delivery bypass 
valve which rpturnr some or all of the scavenge-pump delivery to the 
engine sump as required to maintain the sump oil level. 

DE8CSRIPTI0I« ANE Of 2RATI0H OF GOHSTANT-LETO. OIL SUfiP 

A sketch of the sump and scavenge pump la shown in figure 1. 
The pump P is attached to the under side of nump A and is driven 
by hollow spindle S, running in bearinrs B and B1.  Spindle 3 
is povered from the engine accessory drive through gear 0.  Sump 
oil flows to the pump inlet through tube T.  The largs channel in 
bearing H is provided to conduct pump delivery oil to spindle S 
where an automatic valve arrangement controls the quantity of oil 
bynasRfl back to the oil s,ump. 

The automatic bypass-valve mechanism is made up of spindle S, 
rotor assembly R, Mid sleeve valve V (figs. 1 and 2).  Rotor 
assembly R is mounted on spindle S and turns with it. by means of 
pin Si,    which is fastened to S and extends through cam slot Rj 
in sleeve Rj.  Rotor assembly R is free to rotate on spindle S 
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within the limits imposed by the length of the cam slot    Rj,    Tfhicirl 

is inclined h'f to the spindle axis and ia so directed that the lift 
and dr^f' forces on the rotor-assembly blades movin? through the oil 
in the sump -.'.ill caus: the rotor to turn and rise on the spindle. 
Sleeve valve   V   slides inside spindle   S   and Is fastonod to rotor 
nss^bly   R   by pin    Vj.      This pin extends through cut-outs   82 
sind   52'    in thu spindle and moves slc.pve v>lve   V   with the rotor 
iss^-mbly.      Fortr    Vi_    and    VTJ    irt  always so positioned in cut- 
outs   Sj>    sn5    S2'i    no urtter •'.'hat the. orientation of the sleeve 
valvt, tint the hollor- canter of the spindle is always in flow commu- 

v2' '.. '•!• nicntion with the sump. k  secund pair of ports Vg 
the lov^er end of the sleeve valve ara exposed through spindle cut- 
outs Si and S31 when the sleeve valve lr. at its lcwest position 
(tip. 2(a)) and ar« completely concealed by spindle S when the 
sleeve valve is at its hifrhest position (fLr. 2(b)).  Because the 
sleeve valve soves with the rotor assembly, the area of ports V2 
and V2' expose?' through cut-outs Sg Mid So' will depend on the 
elevation of the rotor assembly. 

One end of spring H is fixed to spindle S and the other to 
rotor assembly P..  The sfrinj force tends to turn the rotor »ssembly 
in the direction of rotation of the spindle and therefore acts to 
lower the level of the rotor assembly.  The lift and drag forces on 
the rotor assembly spinning in the sump oil, acting through cam slot Kg 
and pin 31( exert a torque on tha rotor assembly that is directed 
opposite to and exceeds thp.t produced by the spring.  As long as the 
oil level in the sump is above the highest level the rotor blades can 
assume, the rotov -->ss:p-nbly is maintained at its highest level and 
ports   Vj    tnd V ire concealed in the spindle.      ••hen the oil level 
falls,  the rotor "ssctnbly and sleeve vslve drop with it under the influ- 
ence of spring   N    an-1 ports   V5    ar.l   W    »re exposed. 

Th«? constant-l^vel sump op*r?tes ar follcws:    Oil pours into the 
si imp from the various sections of the engine an-1 follows the path 
•indicated in fi^ur-.- 3.      If the rate at which the. oil enters the sump 
exceeds or equals the capacity of the pump, the rotor assembly assumes 
its hi^ht.st level and the bypass ports   V2    and   Vg'    are closed. 
Because tho scavenP'j-pump capacity exceeds that of the pressure pump 
delivering oil to the engine, the sump oil level will eventually drop 
below the maximum rotor ievjl.      The- rotor will folio-« the oil le/el, 
and bypass uorts   Vj    an<i   v2*    ''ill open to permit some of th•; scav- 
enged oil to pass into th-. s'ira;: via the hollo-* spindle   3    and ports   V^ 
and   Vi_'.      If the oil flow into the sump t.cones st;ody,  the rotor 
will assume a level  each that tho proper amount of scavenge-pump oil 
is bypassed to toe sump to maintain this levtl.      The flow of oil to 
tho oil tank is th.r. equel to that entering the oil sump.     When the 

r¥ 

I 



ft 

ü 

'      : 

oil flow to the ovxrp stops,   tho oil level,  and with it the rotor, 
drop to tho lowoot rotor position.    Bypass porta   V?    and   V?'  aro 
vide open "Jidt  if the vrioun porto and chanv.rls In tho b-p-.oB system 
arc large enough, e-11 tho nonvenge-ou-trp dollvory is s.snt Die': to the 
surrt.    A mlni'jua oil-sunp level io thus established tivt i3 ßufficient 
to kce-? tho aco.viingo punp and itn inlet filled -'ith oil in lcvol or 
nor.r level flirht ftt nil tine-..    Aeration of tho oil by tho ccavrngo 
pump BOA 1«BB cf prins doea nit occur.    Oil foiling la aini;.iizod ~-nd 
crankco.se flooding duo to alov scavengo-punp priming in provontod. 

loon of ic-.vn^r-punv) princ will occur with thiB BUTTO during r. 
atcop divo or inverted flight.    Vhon nonaal flight is rosuinod,  tho 
auoo lJypasa valve will DO opon for a short ti;..o p.nd the scavenge pur.p 
should priac nerc quickly thru*, tho scavcn»o punp of p. conver.tionr.l 
oil systoo, which mast rciovo tho air fron tho -;>unp agalr.at tho flow 
rosiBtar.ee cf tho oil in tho lines to tho oil tank. 

DISCUSSION 

Test Eeaulta 

Laboratory tonto of a ecavongo puirp-aum combination similar to 
the one described in this revert lwe shown that the device is reliable 
and satisfactorily fulfillr its function at spindle rotational Breeds 
as low aa 7^0 rpra.    The whirling of the rotor asscobly producea little 
or nc aeration cf the oil.    Some oil-foaa breaking is accomplished by 
the mechanical and centrifugal action of the rotor or. the oil foam. 

3eai.--n Eecommend- tions 

Aeration of the sump oil by the returning bvpa-aed oil is avoided 
if Provision is mpde for introducinr this bypassed oil belov; the oil 
level in the sump. If tho bypassed oil is permitted to strike the 
oil surface or even the walla of tho Bump at hi"> speeds, considerable 
air will be mir.ed with the oil, lor thia reason, the throttling 
hypasB torts corresponding to V^ and Vg1 should be iimeraed in the 
oil. In the design described, the bypass portB Vg and Vg' are 
covered by e.  column of oil inside spindle S reaching to ports Vi 
and V^', which are large and alv/a/s o-,en wide. Thl3 oil column 
will always bo present no matter what angle the oil surf •' oe in the 
•tingp may aasuae relative to the sump nr.ia  during nonhorizontal flight. 
Ports Vx and Vj_' should be located well below the minimum oil 
level. The oil-level control imohanisp should be aesi:;ne<? to operate 
at engine speeds aa low as cue-half the normal ldlittf» speed. 
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A proposed method of attachment of the conatant-lcvol ourap to 
the engine crankoacR is schematically illustrated In fig-are 3-  ^e 

er.aot method of driving the spindle is not shown Dicau.se it will 
depend on the design of the accessory section of the engine. The 
solenoid valve shown on the scavenge-puim O'-oass line is used to 
shut off the T>;/par.sed oil flow In the event of failure of the sump 
oil-level control neehar.ism or when the engine is rotatnd at sneeds 
too low to cause the oil-level control mechanism to operate, ES 
d-.iring online starting. When the oil hyuass syutem la cloaedf tha 
sum;j and pumo will operate in the same manner as current scavenge- 
punm syatemo. 

Aircraft E*-gir,o Kesearch L-biratcry, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio, April o, 19'*. 
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Figure 1.  - Schematic uleu of eonstont-leuel oil-sump ossgmbly. 
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(a)  Bypass  port open. (bi  Bypass port closed. 

NATIONAL   ALWI 50RT 
COUUlTTtt   FOR   AERONAUTICS 

Figure 2.   - Detail of oil   sump  level  control  value. 
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Accessory  section 

To oil lank 

Solenoid uolue 

Pump outlet  
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Pover section 

Hose section 

NATIONAL  ADVISORY 
COMMITTEE   FOR  AERONAUTICS 

Figure  3. Proposed sump attachment   to 
crankcose. 
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